Objective: To describe the design of the Feel4Diabetes-intervention and the baseline characteristics of the study sample. Design: School-and community-based intervention with cluster-randomized design, aiming to promote healthy lifestyle and tackle obesity and obesity-related metabolic risk factors for the prevention of type 2 diabetes among families from vulnerable population groups. The intervention was implemented in 2016-2018 and included: (i) the 'all-families' component, provided to all children and their families via a school-and community-based intervention; and (ii) an additional component, the 'high-risk families' component, provided to high-risk families for diabetes as identified with a discrete manner by the FINDRISC questionnaire, which comprised seven counselling sessions (2016-2017) and a text-messaging intervention (2017-2018) delivered by trained health professionals in out-of-school settings. Although the intervention was adjusted to local needs and contextual circumstances, standardized protocols and procedures were used across all countries for the process, impact, outcome and cost-effectiveness evaluation of the intervention. Setting: Primary schools and municipalities in six European countries. Subjects: Families (primary-school children, their parents and grandparents) were recruited from the overall population in low/middle-income countries (Bulgaria, Hungary), from low socio-economic areas in high-income countries (Belgium, Finland) and from countries under austerity measures (Greece, Spain). Results: The Feel4Diabetes-intervention reached 30 309 families from 236 primary schools. In total, 20 442 families were screened and 12 193 'all families' and 2230 'high-risk families' were measured at baseline. Conclusions: The Feel4Diabetes-intervention is expected to provide evidencebased results and key learnings that could guide the design and scaling-up of affordable and potentially cost-effective population-based interventions for the prevention of type 2 diabetes.
Worldwide, 10 % of the population over 25 years of age suffers from type 2 diabetes (1) . Considering that type 2 diabetes is an important cause of mortality, morbidity and lower quality of life, and it negatively affects health-care system and social costs, strategies to prevent this disease are urgently needed (2) (3) (4) . Such strategies need to be implemented early in life, since the risk factors for type 2 diabetes (e.g. unhealthy lifestyle, overweight/obesity, etc.) are developed in childhood and track into adulthood, thus increasing the risk for this disease prospectively (5) .
There is a disproportionately higher prevalence of type 2 diabetes and its risk factors among certain vulnerable population groups. Low socio-economic status has been associated with higher prevalence of type 2 diabetes, overweight/obesity and unhealthy energy balance-related behaviours (EBRB) (6) (7) (8) (9) (10) (11) (12) . In particular, 80 % of deaths from noncommunicable diseases, including type 2 diabetes, occur in low-and middle-income countries (13) , whereas in high-income countries low education level and high percentage of unemployment have been associated with a 45 and 31 % increased risk of type 2 diabetes, respectively (14) . Given the variation in the prevalence of type 2 diabetes mentioned above, a large segment of the population in low-and middle-income countries as well as certain ethnic groups, immigrants and low socio-economic groups in high-income countries could be at higher risk for developing type 2 diabetes; any initiative should therefore focus primarily on those population groups.
Modifiable risk factors related to type 2 diabetes include overweight/obesity and physical inactivity, high levels of sedentary behaviour and unhealthy dietary habits (6) (7) (8) (9) (10) (11) (12) . The family environment, the community and the school environment play an important role in the determination of family lifestyle habits and health indices. Family members have a common genetic background, but also share a common environment, attitudes and beliefs regarding health issues, with older family members serving as children's role models too (15, 16) . Furthermore, the community environment may be either a facilitator or a barrier with respect to a healthy lifestyle. Road and personal insecurity, limited access to community facilities (e.g. sports halls, parks, pedestrian areas), lower social support and community resources lead to poor adherence to dietary and physical activity recommendations (17) (18) (19) (20) . School environment, as an integral part of the community, can influence children's and families' healthrelated behaviours via healthy food availability, physical education, class curricula or health education programmes (21) .
The effectiveness of any school-based initiative is greater when combined with the active involvement of the family and the community, given the strong interaction among child, family, school and neighbourhood environment (22, 23) . Although previous studies have highlighted that type 2 diabetes can be prevented via lifestyle changes achieved through counselling sessions with high-risk subjects, there is limited evidence about the effects of a school-and community-based intervention and lifestyle counselling for the prevention of this disease (24) .
The EU-funded Feel4Diabetes-study focused on the development, implementation and evaluation of a schooland community-based intervention to prevent type 2 diabetes in vulnerable families across Europe. The Feel4Diabetesintervention promoted healthy eating and active lifestyle through the provision of a more supportive social and physical environment at home, school and municipality level, as well as lifestyle counselling to the parents with increased type 2 diabetes risk. The aim of the current paper is to describe the design of the Feel4Diabetes-intervention and provide some preliminary data on the recruited cohorts.
Methods

Feel4Diabetes-study background
To develop, implement and evaluate the Feel4Diabetesintervention, the Feel4Diabetes-study followed a theoretical framework based on the PRECEDE-PROCEED model ( Fig. 1) (25) .
PRECEDE phase
Within this preparatory phase the following sub-studies were conducted:
1. Systematic literature review to identify the target population (i.e. the groups that are vulnerable regarding type 2 diabetes development). 2. Systematic literature review to identify the most important EBRB and sub-behaviours related to the risk factors for developing type 2 diabetes in vulnerable groups. Moreover, focus groups with parents and grandparents (at high risk and low risk for type 2 diabetes), as well as teachers and health-care professionals, were conducted to identify the relevant predisposing, reinforcing and enabling factors. 3. Systematic narrative literature reviews: (i) to identify research programmes that have been implemented in the school setting and focused on the promotion of healthy eating and physical activity, with emphasis on socio-economic position and vulnerable groups; and (ii) to summarize lifestyle intervention theories, methods, modes and targets that have been successfully applied in earlier diabetes prevention studies, with special emphasis on vulnerable population groups. Furthermore, survey ('European Diabetes Survey') and systematic comparative analysis to identify the existing policies, legislation, strategies and frameworks related to type 2 diabetes prevention that are available in the six countries participating in the Feel4Diabetes-intervention.
PROCEED phase
This phase included the following steps:
4. The insights gained in the PRECEDE phase (i.e. from the literature reviews, the focus groups and the survey and systematic comparative analysis) and the 'Health Action Process Approach' (HAPA) were used to develop and implement the Feel4Diabetes-intervention, while key learnings and expertise from previous European and national projects have been also incorporated (26) . 5. The Feel4Diabetes-intervention will be evaluated regarding its process, impact and outcome, based on measurable objectives. Its cost-effectiveness and scalability will be also evaluated (27, 28) .
Design of the Feel4Diabetes-intervention
The Feel4Diabetes-intervention was registered at https:// clinicaltrials.gov/ (registration number: NCT02393872). It had a cluster-randomized design and consisted of two components: (i) the 'all families' component, which was delivered at schools, home and the local municipalities; and (ii) the 'high-risk families' component, which was delivered out of the school setting, in families found to be at increased risk for type 2 diabetes (Fig. 2 ). The development of both components was guided by the outcomes of the earlier phases of the Feel4Diabetes-study. Specifically, the behaviours which were found to be associated with risk for developing type 2 diabetes were targeted in the Feel4Diabetes-intervention. Moreover, the identified barriers and facilitators of these behaviours were targeted, while information about existing legislation and policies, available human resources and infrastructure for both implementing the intervention as well as providing easy access to facilities for leisure-time physical activity, active commuting, etc. was considered when developing the intervention.
Newly identified individuals with diabetes were directed to the local health-care system for further evaluation and treatment, but they could join their families in the intervention, if they wished so.
The 'all families' component The 'all families' component was delivered by the school teachers. It focused on changes in the school, home and local municipality social and physical environment to assist the family to reach the recommendations for a healthy and active lifestyle. The goals of the 'all families' intervention, as identified in the PRECEDE phase, were the following: increase water consumption (instead of sugary drinks); increase consumption of fruits and vegetables; consumption of healthy and balanced breakfast and/or morning snack; increase physical activity; and decrease/ interruption of prolonged sedentary time.
The teachers participated in one training session at the beginning of every school year, during which the intervention material was presented and information on how to implement the intervention was provided. Teachers' training was conducted based on a standardized protocol and training module across all centres. For those teachers who were not able to participate in the training sessions, the materials were delivered, and additional training visits to schools were arranged. To avoid contamination between the intervention and control groups, no access to the material or training was provided to the control group and control schools were asked to continue with the standard curriculum.
At school level, trained teachers aimed to create a more supportive social and physical environment promoting a healthy and active lifestyle for the children during school hours, such as providing opportunities and acting as role models for healthy behaviours. The activities at school were complemented with simple and easy-to-read newsletters, aiming to inform and actively engage the families in the intervention. The newsletters were culturally adapted and aimed to motivate, improve self-efficacy to apply environmental changes at home, and provide practical tips to adopt a healthier and more active lifestyle.
At local municipality level, available infrastructure and human resources to support the lifestyle and behavioural changes of the families were identified and promoted. For
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Feel4Diabetes-study: design and implementation example, access to sports halls and parks or school-setting playgrounds after school hours or active commuting, etc. These opportunities for increasing families' healthy and active lifestyle were identified by the local research groups in collaboration with the local municipality authorities and then communicated to the parents via newsletters distributed to them by the teachers and other means of communication.
The 'high-risk families' component The 'high-risk families' component was delivered by trained health professionals. It was implemented in addition to the 'all families' component to further support and encourage high-risk families to achieve and adhere to the recommendations for a healthy and active lifestyle. The specific additional intervention targets, as identified in the PRECEDE phase, were: increase intakes of whole grains, nuts, low-fat dairy, and olive or rapeseed oil; decrease intakes of sweet and savoury snacks and fast foods, red and processed meat; reduce body weight by 5 % (if overweight); and family meal at least once per day. The adult members of the 'high-risk families' were invited to the local community centre (e.g. university, health promotion centre or any other available community centre) within the municipality to undergo a more detailed assessment. The 'high-risk families' component included seven lifestyle counselling sessions spread over the academic year 2016-2017, including two sessions delivered separately to each 'high-risk' family ('family sessions') and five group sessions ( Table 1 ). The first six counselling sessions were completed by March 2017, whereas the seventh counselling session was implemented in September 2017 to provide the results of each family's first follow-up medical check-up; set specific, measurable, attainable, realistic and timely (SMART) goals for the second year of the intervention; and introduce them to the text-messaging (SMS) intervention (in the case of Finland, all sessions were completed by January 2017). If the participants were not able or willing to physically attend the sessions, they were offered an opportunity for counselling over the telephone or by email. During the second year the participants received motivational guidance via SMS sent to their mobile phones. The counselling sessions included behavioural techniques aiming to increase motivation and self-efficacy of 'high-risk families', improve their self-regulation and set SMART goals to reach the targeted lifestyle recommendations. In each of the counselling sessions, the 'high-risk families' received material (e.g. newsletters) and activities which were conducted either during the session or at home. The control group for this component received only general advice for a healthy and active lifestyle during a one-hour session.
Timeline
The duration of the Feel4Diabetes-study (i.e. development, implementation and evaluation of the Feel4Diabetes-intervention) was four years (2015-2019). A detailed description of the Feel4Diabetes-study timeline is presented in Fig. 3 .
The time plan of the Feel4Diabetes-intervention was designed to account for country-specific differences with 
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Recruitment of participants
Recruitment was conducted within the provinces of Oost-Vlaanderen and West-Vlaanderen (Belgium), Varna and Sofia (Bulgaria), Satakunta (Finland), Attica (Greece), Debrecen and its county (Hungary) and Zaragoza (Spain). In Bulgaria and Hungary, all areas within the selected provinces were considered 'vulnerable' and eligible to participate in Feel4Diabetes. In Greece, Spain, Finland and Belgium, the municipalities/school districts/other equivalent units in the selected provinces were grouped in tertiles according to socio-economic indices retrieved from official resources and authorities (e.g. in Greece information was retrieved from the Hellenic Statistical Authority) and 'vulnerable' areas were randomly selected only from the tertile with the lowest education level or the highest unemployment rate. In the case of Finland, areas were ordered based on the mean values of the selected socioeconomic index and 'vulnerable' areas were selected from the lower mean. In all countries, after taking the necessary approval(s) from local authorities (ethical committees, ministries, municipalities, etc.), lists of all primary schools within the randomly selected 'vulnerable' areas were created and primary schools were randomly selected and recruited from each area until the recruitment goal was met. Children attending the first three grades of compulsory education and their families (i.e. 'all families') were recruited to the study from these primary schools. Of these recruited families, the 'high-risk families' were identified based on type 2 diabetes risk estimation using the Finnish Diabetes Risk Score (FINDRISC) (29) . To be regarded as a 'high-risk family', at least one parent in the family had to fulfil the country-specific cut-off point.
Regarding the 'all families' component of the intervention, a sample of 600 'all families' per treatment arm was required to achieve statistical power greater than 80 % (at a two-sided 5 % significance level) for reducing screen time by 0·2 h/d in children within 8 months. Regarding the 'high-risk families' component of the intervention, a minimum sample of 150 'high-risk families' per treatment arm was required to achieve statistical power greater than 80 % (at a two-sided 5 % significance level) for reducing BMI by 0·7 kg/m 2 in adults within a year. Therefore, a minimum sample of 1200 'all families' and of these 300 'high-risk families' per country, resulting in a total sample of 7200 'all families' and 1440 'high-risk families', was initially targeted. However, to account for an estimated dropout rate of about 20 %, a total number of about 9000 'all families' and 2160 'high-risk families' were aimed to be recruited in the six participating countries.
The randomization to the intervention and control group was conducted at a municipality level (1:1 ratio) after the completion of baseline measurements. Therefore, the schools and the families (i.e. 'all families' and 'high-risk families') within each municipality were automatically allocated to the intervention or control group.
Measurements
To evaluate the outcome of the Feel4Diabetes-intervention, children's and adult family members' (parents' and/ or grandparents') anthropometric indices, as well as adult family members' blood indices and blood pressure indices, were measured by rigorously trained research assistants, using standardized protocols and equipment that was calibrated before the start of the measurements (in each time period). Regarding the anthropometric indices, three measurements of children's weight and height and adults' weight, height and waist circumference were taken. Participants were asked to remove heavy clothing and stand still in an erect position during the measurements. Portable equipment was used (digital scales for weight; telescopic stadiometers for height; non-elastic waist tape for waist circumference). Regarding the blood indices, blood samples were drawn in the first morning hours after overnight fasting. On the previous day the research assistants reminded the adults via a telephone call to remain fasted until the time of the measurement, to ensure compliance with fasting. The collected blood samples were centrifuged and then analysed in accredited laboratories to obtain measurements of total, HDL and LDL cholesterol, triacylglycerols, glucose and insulin. Regarding blood pressure, three measurements of systolic and diastolic blood pressure were taken with commercially available electronic sphygmomanometers and cuffs appropriate for each participant's arm size. Participants were asked to sit quietly for at least 5 min before each measurement.
To evaluate the impact of the Feel4Diabetes-intervention, children's and adults' behavioural indices on drinking, eating, physical activity and sedentary behaviours, as well as their determinants, were self-reported by the parents via standardized questionnaires and physical activity monitors (either pedometers or accelerometers).
Regarding the process evaluation, the degree and fidelity of implementation of the intervention at schools and counselling sessions were assessed via standardized, selfreported questionnaires, which were completed by the school teachers and the research assistants, respectively. Regarding cost-effectiveness, all costs related to the Feel4Diabetes-intervention were recorded by the research assistants and the teachers. Health economic modelling will be used to estimate the cost-effectiveness of the Feel4Diabetes-intervention.
Moreover, data related to the socio-economic status of the families (e.g. paternal and maternal years of education and age) participating in the Feel4Diabetes-intervention were collected.
Multi-level analyses (four levels: 'time', 'family', 'primary school' and 'municipality') will be performed to examine the impact and outcome evaluation of the Feel4Diabetesintervention, taking clustering of two measurements (baseline and follow-up) of families in primary schools in municipalities into account.
Results
The mean participation rate of 'all families' in the total study sample was 43·8 %. In total, 20 442 families were screened with the FINDRISC questionnaire. The study sample at baseline comprised 12 193 'all families' and 2230 'high-risk families', which provided complete data (Table 2) . Overall, the Feel4Diabetes-intervention reached 30 309 families via the participating primary schools (i.e. families that received the 'all families' intervention component, regardless of whether they participated in the baseline measurements). Table 3 presents the descriptive characteristics of the 'all families' at baseline. In brief, children's mean age was 8·2 years, with 50·7 % of the sample being females. Regarding the anthropometric data, children's mean weight and height were 29·84 kg and 130·67 cm, respectively. In the overall sample, 90·4 % of the mothers and 77·6 % of the fathers were younger than 45 years old. Table 4 presents the descriptive characteristics of the 'high-risk families' at baseline. In total, data were collected from 3268 parents. Overall, 89·7 % of the 'high-risk' adults were Caucasian, 91·5 % were married or cohabiting, 4·8 % were unemployed, 75·9 % were under the age of 45 years and 65·4 % were mothers (female gender).
Discussion
The Feel4Diabetes-study aimed to develop a school-and community-based intervention to promote healthy lifestyle and tackle obesity and obesity-related metabolic risk factors for the prevention of type 2 diabetes among families in low/middle-income countries and in vulnerable groups in high-income countries and countries under austerity measures in Europe. Previous studies have shown that Public Health Nutrition lifestyle intervention may be an effective approach to tackle the rising prevalence of type 2 diabetes (30, 31) . The development, implementation and evaluation of the Feel4Diabetes-intervention was based on a systematic approach lasting four years. More specifically, the EBRB/ sub-behaviours that were found in the early phases of the study to be associated with risk factors for developing type 2 diabetes, as well as their determinants, were targeted in the Feel4Diabetes-intervention. Moreover, learnings and experiences from previous interventions, as mapped through literature reviews conducted within the Feel4Diabetes-study, provided the basis for developing the Feel4Diabetes-intervention. Furthermore, schools, community infrastructure and health-care personnel which were available in the intervention areas were mapped in the six countries participating in the Feel4Diabetes-intervention. In parallel, the active involvement and engagement of the relevant stakeholders, including decision and policy makers, within the community was pursued from the beginning of the Feel4Diabetes-intervention. The synthesis of the evidence and lessons obtained during the PRECEDE phase of the project were compiled into practical directions which were used for the development and implementation of the Feel4Diabetes-intervention, using a behavioural approach (HAPA) that has been used in previous lifestyle interventions aiming to prevent type 2 diabetes (32, 33) .
The recruitment of participants in Feel4Diabetes was based on a standardized, multistage sampling procedure, to ensure sufficient representativeness of vulnerable groups for developing type 2 diabetes in the participating regions in the six European countries. Moreover, using municipalities, school districts or other equivalent units as the cluster unit limited contamination among neighbouring schools and volunteers, and allowed the Feel4Diabetes-intervention to control for diversities among families'/children's physical environment in the neighbourhood (e.g. playgrounds, restaurants) that may influence their lifestyle habits. On the other hand, the intervention was implemented at a school level, with the participation of the whole class, aiming to increase acceptability and avoid stigmatization since everyone received the same treatment, as well as to maximize universalization by reducing participant self-selection. Still, considering that not all families of the study population had a risk for type 2 diabetes of equal magnitude and since school-based interventions targeting the overall population cannot and should not target those high-risk families to avoid stigmatization, Feel4Diabetes implemented a screening procedure to identify these families and delivered an additional family intervention component out of school hours. This screening was based on a previously developed and validated tool to assess future diabetes risk, i.e. the FINDRISC, which has been used in several studies in this field (29, 31) .
Across the Feel4Diabetes-intervention countries, standardized, country-adapted protocols, methods, tools and materials were used for the implementation of the intervention, as well as for the process, impact, outcome evaluation and the assessment of its cost-effectiveness, in line with other previous multicentre studies (34) (35) (36) . Regarding the implementation of the intervention, all study centres used common, country-adjusted protocols and manuals (i.e. for the school component: handbook for the teachers, newsletters for the parents and slides for teachers' training; for the 'high-risk families' component: manual for the health-care professionals, slides, newsletters/activities/ material for the counselling sessions and SMS intervention). Moreover, all researchers who trained the teachers and all health-care professionals who delivered the 'highrisk families' component (counselling sessions and SMS intervention) were trained centrally before the implementation of the intervention. The results of the Feel4Diabetes-intervention will be evaluated by assessing its process, impact, outcome and cost-effectiveness.
The Feel4Diabetes-intervention has certain strengths and limitations. First, experiences and learnings from previous programmes guided the development of the Feel4Diabetes-intervention. An additional strength is that the Feel4Diabetes-intervention did not follow a 'one size fits all' approach; rather, from a preselected list of targeted EBRB identified from the literature, the participating countries, schools and families could choose and prioritize the most relevant and appealing EBRB to them via the SMART goals approach. Furthermore, the intervention messages were tailored according to each country's needs and reality. For example, in the 'all families' component, teachers were asked to prioritize the EBRB that were more Public Health Nutrition Data on parental ethnicity were not available for Finland. P < 0·05 for differences among countries: a significantly different from the rest of the countries; b significantly different from Belgium; c significantly different from Bulgaria; d significantly different from Finland; e significantly different from Greece; f significantly different from Hungary; g significantly different from Spain.
relevant to their school and class needs, in case they could not focus on all EBRB at the same time, to increase compliance with the intervention. Similarly, in the 'high-risk families' component, the advice to the 'high-risk families' (in the counselling sessions and/or in the SMS intervention) for increasing their physical activity, which was an EBRB promoted in all centres, could be to walk in the forest in Finland or to visit the schoolyard which was open in the afternoon in Greece. Moreover, in line with the study of Endevelt et al., a mixture of individual and group sessions was used in the 'high-risk families' component aiming to increase effectiveness and cost-effectiveness (37) . Regarding the evaluation of the intervention, the large study sample, the standardized protocols and procedures followed across all centres, and the objectively collected data (i.e. blood and anthropometric indices, blood pressure and physical activity level recorded via pedometers/ accelerometers) safeguard the more objective and reliable assessment and increase the generalizability of findings.
On the other hand, part of the collected data is selfreported and thus prone to recall bias and social desirability.
The Feel4Diabetes-study has developed a multicomponent, school-and community-based intervention for improved lifestyle and the prevention of type 2 diabetes. More than 12 000 primary-school children and their families, including more than 2000 families at high risk for developing type 2 diabetes, from six European countries, participated in the Feel4Diabetes-intervention at baseline. The impact, outcome, process evaluation and costeffectiveness of the Feel4Diabetes-intervention will be assessed to guide the design and scaling-up of affordable and potentially cost-effective population-based interventions for the prevention of type 2 diabetes.
